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9 Economic Analysis – Flood Damage Reduction 
Costs and Benefits 

Overview 

Project 1 provides some flood reduction benefits to the Tulare Lake Basin Region as 
described in this Attachment 9.   None of the other Projects include flood damage reduction 
benefits. 

9.1 Project 1 – Cross Valley Canal to Calloway Canal Intertie 

North Kern Water Storage District (North Kern) and Cawelo Water District (Cawelo) are 
proposing to construct a bi-directional water conveyance connection or intertie, identified as 
the Cross Valley to Calloway Canal Intertie (Project), and these districts are requesting a 
grant under Proposition 84 to assist with funding.  In addition to water supply, water quality 
and other benefits described in Attachments 7 and 8, this Project will provide Flood Damage 
Reduction Benefits by reducing the volume of flood water that would flow into Tulare Lake 
bed.  Tulare lake bed is located at the confluence of many streams in the Southern San 
Joaquin Valley, including the Kings, Kaweah, Tule and Kern among others.  During wet 
years, the lake bottom lands are flooded and cannot be farmed.  To the extent flood waters 
can be reduced, a commensurate amount of land is kept in production. 

By interconnecting the Calloway Canal to the CVC, Kern River water can be diverted 
beyond the present capability of the North Kern Water Storage District and Cawelo Water 
District to absorb flood water from the Kern River by 340 cfs.  This increased diversion 
during flood events can be accomplished using the new connection from the CVC to the 
Calloway Canal.  Presently, between the two districts, absorption is limited to about 660 cfs 
to recharge off of the Kern River.  The present point of diversion is upstream of the location 
of this CVC Canal to Calloway Canal Intertie.  The current conveyance capacity in the 
Calloway Canal is about 1,000 cfs; the new Intertie will allow utilization of the full Calloway 
Canal capacity up to the 1,000 cfs during flood events, allowing the CVC to deliver more 
water to the west of the Intertie.  The result of this new Intertie is that it provides a path to 
use the difference between 1,000 cfs and the 660 cfs, which is 340 cfs that would be 
available to divert into the CVC.  Once in the CVC the water can be conveyed to recharge 
ponds on the Kern Water Bank that cannot otherwise receive Kern River water directly, west 
of the Metropolitan Bakersfield Urban area, and conveyed into the California Aqueduct to 
help meet SWP demands.  Taking the additional 340 cfs off the Kern River can also help 
relieve pressure on the existing Kern River levee system through Bakersfield.  The levees 
have the capacity of conveying the 100-year flood of 10,000 cfs, taking 340 cfs off the 
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channel into the Calloway and CVC can help relieve some of the flow, especially if it is a 
long term event. 

If Friant-Kern Canal flood flows are occurring at times when the Kern River is not, the 
Project adds about 60 cfs of connectivity between North Kern’s system and the Friant-Kern 
Canal, thus allowing the conserved water to be recharged instead of flooding Tulare Lake 
Basin.  Friant-Kern flood flows can consist of San Joaquin River, Kings River, Kaweah 
River or Tule River water which has historically been conveyed using the Friant-Kern Canal 
and dumped in to the Kern River channel at the terminus of the Friant-Kern in Bakersfield.  
Once in the Kern River channel, the water would flow downstream to Tulare Lake bed, 
adding to flooding of the area. 

9.1.1 Project 1 Costs 

The Project as defined in Attachment 7 will also provide flood damage reduction benefits.  
As shown in more detail on Table 7 – Project 1, the Project costs are estimated to be 
$10,787,200.    Project implementation will occur over 15 months, with 40% during the first 
year and 60% during the second year.  However, since the Project is built primarily for its 
water supply benefits, the Project Capital Costs are not included in the Flood Damage 
Reduction Benefits analysis.  However, annual administration, operations and maintenance 
costs will be different than defined in water supply benefits analysis because of the direction 
of flow, but are otherwise not expected to increase with implementation of the project.  The 
total present value of the administration, operations and maintenance costs over the useful 
life of the project is $1,395,746 as shown in Table 17 – Project 1. 

9.1.2 Flood Damage Reduction Benefits 

9.1.2.1 Avoided Physical Damage 

Based on historic flooding of Tulare Lake Bed, in 1969 about  227,000 acre-feet of snowmelt 
flooding covered more than 50,000 acres ( USACE Isabella Lake Reservoir Regulation 
Manual, May 1953-Revised January 1978 (Isabella, 1978)).  The depth and duration of 
flooding was sufficient to prevent use of the lands for farming for the entire year.  Typical 
crops grown in the Tulare Lake Basin have been annual row crops such as cotton and 
vegetables.  In more recent years higher value crops such as tomatoes have been planted.   
Based on the value of crops damaged, it is estimated that about $600/acre in damages would 
occur.  This value is supported by “Economic Impacts of the 1992 Drought Year, An Analysis 
of Economic Costs in Kern County”, Prepared for Kern County Water Agency by Northwest 
Economics Associates, December 1994 (Appendix 9.1-1).  Using the relationship of acreage 
flooded in past events from Isabella, 1978, a depth of water of about 4.3 feet will flood an 
acre on Tulare Lake bed.  Therefore, for every 10,000 acre-feet diverted away from the 
Tulare Lake bed about 2,300 acres will continue to be farmed.  Excerpts from the Isabella, 
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1978 report and the KCWA Water Supply Report are provided as Appendix 9.1-2, Flood 
Damage Analysis.  

Based on the diversion capabilities of the Project, 680 acre-feet per day can be diverted off 
the Kern River into the Cross Valley Canal.  A repeat of the 1969 snow melt flood, which 
had a duration of about 3-months, 90 days, beyond what could be stored in Isabella Lake, 
would result in about diversion of 61,200 acre-feet.  This would prevent about 14,000 acres 
of farm land from being flooded, resulting in prevention of about $8,400,000 in farm losses. 

While an extensive frequency analysis was not done for the Project, flood flows of the 1969 
magnitude and duration have occurred in 1906, 1909, 1916, 1952, 1967, 1969, 1978, 1980, 
1983, 1986, 1995 and 1998 (Table 5 of KCWA 1999 Water Supply Report, May 2003), 
Appendix 9.1-2.  About 12 years out of 116 years of record had sufficient flows to flood 
Tulare Lake bed, based on post Isabella Dam operations, about one in ten years.  The 
expected annual avoided damage benefit is $840,000.  The present worth benefit over the life 
of the Project totals $13,036,800 (Table 19 – Project 1). 

Similarly the ability to convey 60 cfs of Friant Kern Flood flow into the Poso Creek region 
will reduce flooding in Tulare Lake bed by about 120 acre-feet per day. For 90 days that 
amounts to 10,800 acre-feet.  This reduces flooding on about 2,300 acres which provides a 
benefit of $1,380,000 per event.  The frequency of these events is similar to the high flow 
Kern River events of one in ten years, resulting in average annual benefits of $138,000 over 
the 50-year life of the Project.  The present worth benefit over the life of the Project is 
$2,141,760. 

The total avoided physical damage benefit is the sum of the above benefits at $15,178,560. 

Note that a detailed flood frequency analysis was not completed for the Project, therefore 
Table 18 is not included in the referenced tables. 

9.1.2.2 Avoided Direct and Indirect Net Income Loss 

Job losses are also a factor to consider. Based on the study “Measuring the Employment 
Impact of Water Reductions” by Howitt et al, Sept 28, 2009, job losses were estimated at 
21,000 as a result of lost acreage due to drought and Delta regulation impacts.  The report 
goes on to simplify the calculation to 30 jobs lost per every million dollars in lost revenue.  
Therefore, at $8.4 million for Kern River flood damage reduction and $1.4 million for Friant-
Kern flood damage reduction, a total of $9.8 million in lost revenue could occur.  Therefore, 
with each event, about 294 jobs are lost.  Implementation of the Project for flood damage 
reduction will therefore prevent about 294 job losses each event. 
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9.1.3 Distribution of Benefits and Identification of Beneficiaries 

The beneficiaries of the flood related benefits of the Project are the growers in the Tulare 
Lake bed and the associated workforce and farm industry dependent on the acreage farmed 
each year. 

9.1.4 Benefits Timeline 

Benefits will begin with the first flood year after 2014.  The estimated life if the Project is 50 
years. 

9.1.5 Uncertainty of Benefits 

The uncertainty related to a repeat of historic hydrology translates in to some uncertainty in 
the benefits.  However experience tells us that these large hydrologic events have occurred 
and climate change analyses are indicating that snow line elevations may be increasing 
resulting in filling existing reservoirs earlier in the year.  This would increase the likely hood 
of flows occurring above reservoir capacity and would relate to more frequent flooding than 
analyzed herein. 

9.1.6 Potential Adverse Effects 

Temporary impacts associate with construction will be fully mitigated.  Otherwise no adverse 
impacts are anticipated. 

9.1.7 Summary of Findings 

The primary flood damage reduction benefit of the Project is the reduced flooded area in 
Tulare Lake bed.  The present value of protecting that land and allowing farming to continue 
is $15,178,560. 

9.1.8 Appendices  

Appendix 9.1-1    Economic Impacts of 1992 Drought 
Appendix 9.1-2  Flood Damage Analysis  

9.1.9 Tables 

Table 17 – Project 1  Annual Cost of Project 
Table 18    (Not Included) 
Table 19 – Project 1  Present Value of Expected Annual Damage Benefits 
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  661.327.7601     fax: 661.327.0173 
  www.geiconsultants.com 

Memorandum 
To: Files (073230) Appendix 9.1-2 

From: Rick Iger 

Re: Cross Valley Canal to Calloway Canal Intertie   
 Flood Damage Reduction Benefits 

 
 
Based on a review of the US Army Corps of Engineers Reservoir Regulation Manual for Isabella 
Lake, Revised January 1978, flood damages to Tulare Lake bed were analyzed.  In addition a 
summary of historic Kern River flows and Kern River-California Aqueduct flows were reviewed 
to determine the frequency of flood events that might reach Tulare lake bed.  The following 
documents are provided as Exhibits.   
 
Two excerpts from reports: 
US Army Corps of Engineers, Reservoir Regulation Manual for Isabella Lake, Revised January– 
Exhibit 1; 
Kern County Water Agency, 1999 Water Supply Report – Exhibit 2. 
 
 

 























Initial Costs

(a) (b) (c) & (d) (f) (g) (h) (i)
Grand Total Cost 
from Table 7

Admin
Operations & 
Maintenance

Other Total Costs
Discount 
Factor

Discounted 
Costs

2009  $              ‐          1.000  $                 ‐   
2010  $              ‐          0.943  $                 ‐   
2011  $              ‐          0.890  $                 ‐   
2012  $              ‐          0.840  $                 ‐   

2013
 Friant‐Kern Canal 
Flooding   $      1,296   $             4,536   $      3,920   $        9,752         0.792   $          7,724 
 Kern River 
Flooding   $      7,344   $          89,964   $             ‐     $     97,308         0.792   $        77,068 

2014  Friant‐Kern  $      1,296  $             4,536  $      3,920   $        9,752        0.747  $          7,285 
 Kern River  $      7,344  $          89,964  $             ‐     $     97,308        0.747  $        72,689 

2015  Friant‐Kern  $      1,296  $             4,536  $      3,920   $        9,752        0.705  $          6,875 
 Kern River  $      7,344  $          89,964  $             ‐     $     97,308        0.705  $        68,602 

2016  Friant‐Kern  $      1,296  $             4,536  $      3,920   $        9,752        0.665  $          6,485 
 Kern River  $      7,344  $          89,964  $             ‐     $     97,308        0.665  $        64,710 

2017  Friant‐Kern  $      1,296  $             4,536  $      3,920   $        9,752        0.627  $          6,115 
 Kern River  $      7,344  $          89,964  $             ‐     $     97,308        0.627  $        61,012 

2018  Friant‐Kern  $      1,296  $             4,536  $      3,920   $        9,752        0.592  $          5,773 
 Kern River  $      7,344  $          89,964  $             ‐     $     97,308        0.592  $        57,606 

2019  Friant‐Kern  $      1,296  $             4,536  $      3,920   $        9,752        0.558  $          5,442 
 Kern River  $      7,344  $          89,964  $             ‐     $     97,308        0.558  $        54,298 

2020  Friant‐Kern  $      1,296  $             4,536  $      3,920   $        9,752        0.527  $          5,140 
 Kern River  $      7,344  $          89,964  $             ‐     $     97,308        0.527  $        51,281 

Table 17 ‐Annual Cost of Project
(All costs should be in 2009 Dollars)

Project 1:  CVC to Calloway Canal Intertie

Year

Operations and Maintenance Costs (1)
Discounting 
Calculations
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2021  Friant‐Kern  $      1,296  $             4,536  $      3,920   $        9,752        0.497  $          4,847 
 Kern River  $      7,344  $          89,964  $             ‐     $     97,308        0.497  $        48,362 

2022  Friant‐Kern  $      1,296  $             4,536  $      3,920   $        9,752        0.469  $          4,574 
 Kern River  $      7,344  $          89,964  $             ‐     $     97,308        0.469  $        45,637 

2023  Friant‐Kern  $      1,296  $             4,536  $      3,920   $        9,752        0.442  $          4,311 
 Kern River  $      7,344  $          89,964  $             ‐     $     97,308        0.442  $        43,010 

2024  Friant‐Kern  $      1,296  $             4,536  $      3,920   $        9,752        0.417  $          4,067 
 Kern River  $      7,344  $          89,964  $             ‐     $     97,308        0.417  $        40,577 

2025  Friant‐Kern  $      1,296  $             4,536  $      3,920   $        9,752        0.394  $          3,842 
 Kern River  $      7,344  $          89,964  $             ‐     $     97,308        0.394  $        38,339 

2026  Friant‐Kern  $      1,296  $             4,536  $      3,920   $        9,752        0.371  $          3,618 
 Kern River  $      7,344  $          89,964  $             ‐     $     97,308        0.371  $        36,101 

2027  Friant‐Kern  $      1,296  $             4,536  $      3,920   $        9,752        0.350  $          3,413 
 Kern River  $      7,344  $          89,964  $             ‐     $     97,308        0.350  $        34,058 

2028  Friant‐Kern  $      1,296  $             4,536  $      3,920   $        9,752        0.331  $          3,228 
 Kern River  $      7,344  $          89,964  $             ‐     $     97,308        0.331  $        32,209 

2029  Friant‐Kern  $      1,296  $             4,536  $      3,920   $        9,752        0.312  $          3,043 
 Kern River  $      7,344  $          89,964  $             ‐     $     97,308        0.312  $        30,360 

2030  Friant‐Kern  $      1,296  $             4,536  $      3,920   $        9,752        0.294  $          2,867 
 Kern River  $      7,344  $          89,964  $             ‐     $     97,308        0.294  $        28,609 

2031  Friant‐Kern  $      1,296  $             4,536  $      3,920   $        9,752        0.278  $          2,711 
 Kern River  $      7,344  $          89,964  $             ‐     $     97,308        0.278  $        27,052 

2032  Friant‐Kern  $      1,296  $             4,536  $      3,920   $        9,752        0.262  $          2,555 
 Kern River  $      7,344  $          89,964  $             ‐     $     97,308        0.262  $        25,495 
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2033  Friant‐Kern  $      1,296  $             4,536  $      3,920   $        9,752        0.247  $          2,409 
 Kern River  $      7,344  $          89,964  $             ‐     $     97,308        0.247  $        24,035 

2034  Friant‐Kern  $      1,296  $             4,536  $      3,920   $        9,752        0.233  $          2,272 
 Kern River  $      7,344  $          89,964  $             ‐     $     97,308        0.233  $        22,673 

2035  Friant‐Kern  $      1,296  $             4,536  $      3,920   $        9,752        0.220  $          2,146 
 Kern River  $      7,344  $          89,964  $             ‐     $     97,308        0.220  $        21,408 

2036  Friant‐Kern  $      1,296  $             4,536  $      3,920   $        9,752        0.207  $          2,019 
 Kern River  $      7,344  $          89,964  $             ‐     $     97,308        0.207  $        20,143 

2037  Friant‐Kern  $      1,296  $             4,536  $      3,920   $        9,752        0.196  $          1,911 
 Kern River  $      7,344  $          89,964  $             ‐     $     97,308        0.196  $        19,072 

2038  Friant‐Kern  $      1,296  $             4,536  $      3,920   $        9,752        0.185  $          1,804 
 Kern River  $      7,344  $          89,964  $             ‐     $     97,308        0.185  $        18,002 

2039  Friant‐Kern  $      1,296  $             4,536  $      3,920   $        9,752        0.174  $          1,697 
 Kern River  $      7,344  $          89,964  $             ‐     $     97,308        0.174  $        16,932 

2040  Friant‐Kern  $      1,296  $             4,536  $      3,920   $        9,752        0.164  $          1,599 
 Kern River  $      7,344  $          89,964  $             ‐     $     97,308        0.164  $        15,959 

2041  Friant‐Kern  $      1,296  $             4,536  $      3,920   $        9,752        0.155  $          1,512 
 Kern River  $      7,344  $          89,964  $             ‐     $     97,308        0.155  $        15,083 

2042  Friant‐Kern  $      1,296  $             4,536  $      3,920   $        9,752        0.146  $          1,424 
 Kern River  $      7,344  $          89,964  $             ‐     $     97,308        0.146  $        14,207 

2043  Friant‐Kern  $      1,296  $             4,536  $      3,920   $        9,752        0.138  $          1,346 
 Kern River  $      7,344  $          89,964  $             ‐     $     97,308        0.138  $        13,429 

2044  Friant‐Kern  $      1,296  $             4,536  $      3,920   $        9,752        0.130  $          1,268 
 Kern River  $      7,344  $          89,964  $             ‐     $     97,308        0.130  $        12,650 
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2045  Friant‐Kern  $      1,296  $             4,536  $      3,920   $        9,752        0.123  $          1,200 
 Kern River  $      7,344  $          89,964  $             ‐     $     97,308        0.123  $        11,969 

2046  Friant‐Kern  $      1,296  $             4,536  $      3,920   $        9,752        0.116  $          1,131 
 Kern River  $      7,344  $          89,964  $             ‐     $     97,308        0.116  $        11,288 

2047  Friant‐Kern  $      1,296  $             4,536  $      3,920   $        9,752        0.109  $          1,063 
 Kern River  $      7,344  $          89,964  $             ‐     $     97,308        0.109  $        10,607 

2048  Friant‐Kern  $      1,296  $             4,536  $      3,920   $        9,752        0.103  $          1,004 
 Kern River  $      7,344  $          89,964  $             ‐     $     97,308        0.103  $        10,023 

2049  Friant‐Kern  $      1,296  $             4,536  $      3,920   $        9,752        0.097  $             946 
 Kern River  $      7,344  $          89,964  $             ‐     $     97,308        0.097  $          9,439 

2050  Friant‐Kern  $      1,296  $             4,536  $      3,920   $        9,752        0.092  $             897 
 Kern River  $      7,344  $          89,964  $             ‐     $     97,308        0.092  $          8,952 

2051  Friant‐Kern  $      1,296  $             4,536  $      3,920   $        9,752        0.087  $             848 
 Kern River  $      7,344  $          89,964  $             ‐     $     97,308        0.087  $          8,466 

2052  Friant‐Kern  $      1,296  $             4,536  $      3,920   $        9,752        0.082  $             800 
 Kern River  $      7,344  $          89,964  $             ‐     $     97,308        0.082  $          7,979 

2053  Friant‐Kern  $      1,296  $             4,536  $      3,920   $        9,752        0.077  $             751 
 Kern River  $      7,344  $          89,964  $             ‐     $     97,308        0.077  $          7,493 

2054  Friant‐Kern  $      1,296  $             4,536  $      3,920   $        9,752        0.073  $             712 
 Kern River  $      7,344  $          89,964  $             ‐     $     97,308        0.073  $          7,103 

2055  Friant‐Kern  $      1,296  $             4,536  $      3,920   $        9,752        0.069  $             673 
 Kern River  $      7,344  $          89,964  $             ‐     $     97,308        0.069  $          6,714 

2056  Friant‐Kern  $      1,296  $             4,536  $      3,920   $        9,752        0.065  $             634 
 Kern River  $      7,344  $          89,964  $             ‐     $     97,308        0.065  $          6,325 



Initial Costs

(a) (b) (c) & (d) (f) (g) (h) (i)
Grand Total Cost 
from Table 7

Admin
Operations & 
Maintenance

Other Total Costs
Discount 
Factor

Discounted 
Costs

Table 17 ‐Annual Cost of Project
(All costs should be in 2009 Dollars)

Project 1:  CVC to Calloway Canal Intertie

Year

Operations and Maintenance Costs (1)
Discounting 
Calculations

2057  Friant‐Kern  $      1,296  $             4,536  $      3,920   $        9,752        0.061  $             595 
 Kern River  $      7,344  $          89,964  $             ‐     $     97,308        0.061  $          5,936 

2058  Friant‐Kern  $      1,296  $             4,536  $      3,920   $        9,752        0.058  $             566 
 Kern River  $      7,344  $          89,964  $             ‐     $     97,308        0.058  $          5,644 

$  1,395,746 

Notes:  

1,080 AF/Y
1.20$          /AF
4.20$          /AF
3.63$           /AF

127,142$      

6,120 AF/Y
1.20$          /AF

14.70$        /AF
‐$             /AF

1,268,604$  Sum of Operation Costs for Kern River Flooding

 Total Present Value of Discounted Costs 

Operations & Maintenance:
Other (Power):

Kern River Flooding (Kern River)
Total Flood Water:

Category (e) not shown, as there are no Replacement costs associated with this project.
Costs shown in (b), (c), (d) and (f) are based on the cost per acre‐foot applied to the estimated flood flow 
through the project:

Sum of Operation Costs for Friant‐Kern Canal Flooding

Administration:
Operations & Maintenance:

Other (Power):

Friant‐Kern Canal Flooding (Friant‐Kern)
Total Flood Water:

Administration:



(a) Expected Annual Damage Without Project (1)  $         138,000.00 
(b) Expected Annual Damage With Project (1)  $                          ‐   
( c) Expected Annual Damage Benefit  $         138,000.00 
(d) Present Value Coefficient (2)                       15.52 
(e) Present Value of Future Benefits  $           2,141,760 

(a) Expected Annual Damage Without Project (1)  $         840,000.00 
(b) Expected Annual Damage With Project (1)  $                          ‐   
( c) Expected Annual Damage Benefit  $         840,000.00 
(d) Present Value Coefficient (2)                       15.52 
(e) Present Value of Future Benefits  $         13,036,800 

$         15,178,560 

(1) This program assumes no population growth, thus EAD will be constant over analysis period
(2) 6% discount rate; 50‐year analysis period (could vary depending upon life cycle of project).

Table 19(a) ‐ Present Value of Expected Annual Damage Benefits

Project 1:  CVC to Calloway Canal Intertie ‐ Friant‐Kern Canal Flooding Benefits

Total Present Value of Expected Annual Damage Benefits

Table 19(b) ‐ Present Value of Expected Annual Damage Benefits

Project 1:  CVC to Calloway Canal Intertie ‐ Kern River Flooding Benefits

(1) This program assumes no population growth, thus EAD will be constant over analysis period
(2) 6% discount rate; 50‐year analysis period (could vary depending upon life cycle of project).
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